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Abstract
Nine essential oils from fennel (seeds and herbs) and anise (seeds) from different origins were analysed for 
density, refractive index and for a complete composition through GC-MS and 1H-NMR-spectroscopy. Anethole was 
the main compound identified in fennel and anise essential oils. Anethole content varied between 30 – 90% in 
fennel oils and between 80 – 99% in anise oils; anethole is often used as flavouring substance in foods with a good 
antimicrobial activity also. A positive correlation was found between anethole content determined by GC-MS and 1H-NMR (r = 0.8567 for fennel oils and r = 0.6986 for anise oils). The results showed different levels of anethole 
in oils (values ranged between 30.66 % and 99.24 %). Electronic nose was a very good and rapid method for 
discrimination of essential oils based on PCA (Principal Component Analysis) with discrimination index above 90 for both essential oils.  
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Introduction
Volatile oils (synonyms: essential oils, ethereal 
oils) are mixtures of volatile and lipophilic fragrances belonging to different classes of 
organic compounds (especially terpenes and their 
oxygenated derivatives). These oils are obtained 
by water vapour entrainment, by distillation with 
water or by other extraction processes (extraction 
with volatile solvents, adsorption in purified fats 
etc.) (Dhifi et al., 2016).
Anethole is a terpenoid (1-methoxy-4 - 
[(1E) -prop-1-en-1-yl] benzene), a derivative of 
phenylpropene, found in essential oils of anise 
(Pimpinella anisum), fennel (Foeniculum vulgare) and several other herbs. The name originates from the Anethum graveolens, where anethole is 
only a minor flavour compound. Although it is in 
the form of two isomers, only the trans isomer is commonly found in herbs. The cis-isomer has 
no specific flavour of anethole (Kosalec et al., 
2005). Anethole (C10H12O) is a colourless, fragrant, 
slightly volatile liquid, poorly soluble in water but has a high solubility in ethanol. This feature 
determines that certain anionic liqueurs become 
opaque when diluted with water, the ouzo effect 
(Zhang et al., 2015).
Fennel (Foeniculum vulgare) is an aromatic plant belonging to the Apiaceae family, which has long been considered as a medicinal and spice herb. 
Fennel oil is frequently used as a flavouring agent 
in food products, as an ingredient of cosmetic and pharmaceutical products. Fennel oil was found 
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to have good antimicrobial properties against S. 
auresus, Y. enterocolitica and fungi (Elgayyar et al., 
2001; Aprotosoaie et al., 2008). 
Anise oil (Anisi aetheroleum) is the oil obtained by the distillation of water vapour from the mature fruit of Pimpinella anissum L. (Apiaceae). 
It is a clear, colourless or slightly yellowish liquid with a characteristic smell of anise and sweet taste. Cooling below 20° C turns it into a white crystalline mass. In addition to the use of aniseed 
oil in the food industry, due to its flavour, this plant has important therapeutic applications due to its 
antioxidant, antimicrobial, antifungal, digestive, 
antispasmodic, relaxing, muscular, carminative, diuretic and expectorant properties. The main 
compound is anethole (85-95%) (Pereira and 
Meireles, 2007).
Sweet anise oil or fennel oil (Foeniculi 
aetheroleum) is the oil obtained by the distillation of water from the mature fruit of the Foeniculum 
vulgare Mill. (Apiaceae). It is a colourless or 
slightly yellowish liquid, with a characteristic 
anise and slightly camphorous odour, and taste sweet and then bitter. The main components present in the fennel oil are anethole and phenchona. Pharmacological research has 
demonstrated antioxidant, diuretic, analgesic, 
antipyretic, acaricidal, insecticidal, antifungal and hepatoprotective activities in fennel extracts 
(Romanian Pharmacopoeia, 2000).Anethole has many applications in food 
products as: functional ingredients in baked goods, 
seasonings, ice-cream, confectionary products and 
alcoholic beverage, as flavouring substance but as 
preservative also (Zhang et al., 2015).Essential oils have to be analysed for 
their purity, authenticity in order to ensure 
consumer safety. Few instrumental techniques 
are available for this purpose: physical, chemical, 
chromatographic, spectroscopic analysis (Do et al., 
2015).
The aim of this work was to evaluate the 
effectiveness of GC-MS, 1H-NMR and electronic 
nose techniques for the quality control of essential 
oils from fennel and anise in the quantitative and 
qualitative determination of anethole. 
Materials	and	methods
MaterialsFennel essential oils from seeds and herbs and anise essential oils from seeds were purchased 
from the market or they were delivered by 
producer (producers: SC Natural Ingredients SRL 
Romania, SC Hofigal Export-Import SA Romania, 
brands: Bioné from Italy, Mayam from Hungary, 
TrioVerde from China, Adams from China). For 1H-NMR analysis, standard compound trans-anethole was purchased from Sigma Aldrich. The analysed samples are presented in Table 1. 
Density analysisThe density of the essential oils was 
determined using the pycnometer (calibrated 
by manufacturer Marienfeld, Germany). The difference between the mass of the pycnometer 
with liquid and the empty pycnometer is the mass 
of the volume of liquid at 20°C (m). The difference between the mass of the pycnometer with water and the empty pycnometer is the mass of the 
water volume at 20°C (m1). Relative density is the ratio between m and m1.
Refractive indexThe refractive index of volatile oils was determined using the Abbe refractometer 
(model AR4, manufacturer: Krüss, Germany) in accordance with standard SR ISO 280 (2002). The refractometer calibration was performed with 
distilled water (with a refractive index of 1.3330 
Table	1. Essential oils samples used in experimentsEssential oil samples Code
Fennel oil from fennel seeds, Romania (producer SC Natural Ingredients SRL) FSR1
Fennel oil from fennel herbs, Romania FHR
Fennel oil from fennel seeds, Italy FSI
Fennel oil from fennel seeds, Hungary FSU
Fennel oil from fennel seeds, Romania (producer SC Hofigal Export-Import SA) FSR2
Anise oil from seeds, Romania ASR
Anise oil from seeds, UE ASE
Anise oil from seeds (brand TrioVerde), China AC1
Anise oil from seeds (brand Adams), China AC2
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at 20°C). A few drops of the oil are fed between the prisms of the refractometer. The refractive index value was read directly through the eyepieces on 
the scale of the equipment. 
Gas chromatography analysisThe analysis of the essential oil was 
performed using a gas chromatograph (Focus GC) 
equipped with a TG-5SILMS capillary column (60 
m x 0.25 mm; film thickness, 0.25 µm; 5% phenyl 
methylpolysiloxane) coupled with ion trap mass 
spectrometer (POLARISQ) for the separation 
and TriPlus AS autosampler, from Thermo 
Fisher Scientific (USA). The mass spectrometer was operated in positive ion electron-impact 
ionization (EI+) mode with a mass scan range from 
m/z 40 to 350 at 70 eV. Helium was carrier gas, 
at a flow rate of 1 mL/min. Injector SSL Inlet and MS transfer line temperatures were set at 250°C 
and 300°C, respectively. The GC oven temperature was programmed at an initial temperature of 40°C 
for 2 minutes, then heated to 280°C with 5°C/min and maintained for 10 min at this temperature. 
Diluted samples (1/10, 1/100, 1/600, 1/5500 in 
hexane, v/v) of 1 µL essential oil were injected 
automatically and in the split mode (split flow 100 
mL/min; split ratio was 1:100). The identification of the chemical constituents of the essential 
oils was determined by their GC retention 
time, interpretation of their mass spectra and 
confirmed by mass spectral library search using the NIST Mass Spectral Database provided by the 
software of GS-MS system and literature date. 
The quantitative data were expressed as relative percentage of the oil constituents calculated from 
the GC peak areas without using correction factors. The relative standard deviations of percentages of 
oil components of three repeated GC analyses of a 
single oil sample did not exceed 2% for the major 
components and were below 7.5% for the minor components for seeds fennel and anise essential oil composition.
1H-NMR spectroscopy analysis
The NMR analysis was conducted on a Bruker 
Ascend spectrometer 400 MHz, operating at 9.4 
Tesla corresponding to the resonance frequency of 
400.13 MHz for the 1H nucleus. The spectrometer 
was controlled using TopSpin (version 3.2). Samples were analysed in 5 mm NMR tubes 
(Wilmad 507). The NMR samples were prepared by dissolving the essential oil in CDCl3 (2:8 v/v). The chemical shifts are reported in ppm and 
the quantitative measurement was performed using caffeine as internal standard. Each data set was collected under automation with the same parameter set using ICON-NMR software 
(version 4.7.5 Build 1). The average acquisition time of the 1H-NMR spectra was approximately 
2 minutes. Identification of the major compound 
trans-anethole from fennel and anise essential 
oils was made using standard compound (trans-
anethole) purchased from Sigma Aldrich. For 
the identification of the specific signals of trans-
anethole in oil samples, a small quantity of standard compound was added in essential oil. 
E-nose discrimination of essential oilsThe headspace of the essential oil samples was performed using an electronic nose system 
combined with HS100 autosampler, with 
α-Soft version 8.0 software for data processing 
(α-Prometheus, Alpha M.O.S. France). The system consists of an array of 18 different metal oxides sensors placed in three controlled temperature chambers. 0.4 µl of oil sample was placed in a 10 
mL vial, hermetically sealed with a PTFE/silicone septum and incubated for 300 s at 35°C under 
agitation (500 rpm) to allow the volatilization of 
flavour compounds into the headspace. Synthetic air and nitrogen were used as carrier gas with 
a flow of 150 mL/min. 1000 µl of the oil sample headspace were injected into the measuring 
chamber of the electronic nose, with an acquisition time of 120 s. All samples were run in triplicates and the individual signals recorded were used for statistical analysis.  
Results	and	discussionsDensity and refractive indexes for the samples are presented in Table 2. The density values for fennel oils ranged between 0.9544 and 0.9690 g/cm3 and the refractive indexes were between 1.5119 and 1.5435. The values are similar with 
those obtained by Baby and Ranganathan (2016) for essential oils from fennel seeds with a refractive index of 1.5370.The density values for anise oils ranged between 0.9830 and 0.9957 g/cm3 and the refractive indexes were between 1.4886 and 
1.5539. Rajab et al. (2016) obtained for aniseed 
essential oil a density of 0.9677, which is less than 
the densities obtained for our samples, but in both cases the samples fall within the category of oils 
with high density. Rajab et al., (2016) obtained for 
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the refractive index of aniseed oil a value of 1.4961, 
value close to the sample analysed in this study, namely: 1.4886. The values  obtained for density and refractive indexes are close to the data from 
the literature (Romanian Pharmacopoeia, 2000).The composition of fennel oil and aniseed 
oil samples by GC-MS is presented in Table 3 and 
Table 4, respectively. Examples of some of the chromatograms for fennel and anise oils are shown in Figure 1 and Figure 2. The main compounds 
in fennel oils samples were: anethole, α-pinene, 
estragole, limonene, l-Fenchone, α-phellandrene, and o-cymene. The higher amount of anethol was 
found in samples FSI (89.74%), FSU (81.01%) 
and FHR (71.75%) and less in FSR1 (30.66%) 
and FSR2 (63.94%). A higher amount of estragole 
(58.61%) was found in FSR1 sample. Diaz-Maroto 
et al., (2005) stated that the main components in fennel oils included trans-anethole, estragole and fenchone.
Based on GC-MS, the main compound in anise oils samples was anethole (Table 4). Sample AC2 and AC1 had the highest amount of trans-anethol: 
99.24 and 99.18% and sample ASR had the lowest 
level of anethol:  80.02%.
The major compounds identified in the analysed essential oils samples by 1H-NMR are presented in Table 5 and an example of the corresponding NMR spectra is shown in Figure 
3. In all anise oil samples analysed, the main 
constituent was anethole. In fennel oils, besides 
anethole, other relatively important compounds 
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Table	3. Composition of fennel oils by GC-MS analysis
Compounds RT, min FSR1, % FHR, % FSI, 
%
FSU, % FSR2, %
MW, g/mol Molecular formula
α-Pinene 15.06 0.65 10.08 0.41 3.91 8.83 136 C10H16
α/ɣ-Terpinene 16.36 0.11  - 0.02 0.02 0.17 136 C10H163-Carene 16.6 0.09 0.66 0.15 0.23 0.67 136 C10H16
Bicyclo[3.1.1]hept-2-ene, 2, 
6-dimethyl-6-(4-methyl-3-
pentenyl)-
16.78 0.19 0.65 0.22 0.20 0.27 136 C10H16
α-Phellandrene 17.47 0.39 11.01 1.02 0.34 1.96 136 C10H16o-Cymene 18.06 0.34  - 0.37 0.21 3.78 134 C10H14O
α-Limonene 18.23 6.08 0.73 5.41 2.09 2.35 136 C10H16
ɣ-Terpinene 18.32  - 1.14  - -  - 136 C10H16Terpinalene 19.14 0.09  - 0.04 0.09 0.32 136 C10H16L-Fenchone 20.28 1.78 2.00 1.03 8.27 5.51 152 C10H16OEstragole 23.48 58.61 1.98 0.31 1.93 9.70 148 C10H12O
Carvol (1-Carvone) 24.99 0.32  - 0.06 0.09 0.29 150 C10H14Op-Anisaldehyde 25.21 0.31  - 0.56 0.57 1.50 136 C8H8O2Anethole  26.07 30.66 71.75 89.74 81.01 63.94 148 C10H12
Anisketone 28.59 0.24  - 0.65 1.04 0.60 164 C10H12O2Apiol 34.56 0.15  - 0.01 0.00 0.10 222 C12H14O4  100 100 100 100 100   
Table	2. Density and refractive indexes
Essential oil samples Code Density at 
20 °C (g/cm3) Refractive index
Fennel oil from fennel seeds, Romania FSR1 0.9690 1.5119
Fennel oil from fennel herbs, Romania FHR 0.9544 1.5210
Fennel oil from fennel seeds, Italy FSI 0.9657 1.5435
Fennel oil from fennel seeds, Hungary FSU 0.9658 1.5334
Fennel oil from fennel seeds, Romania FSR2 0.9617 1.5220
Anise oil from seeds, Romania ASR 0.9943 1.4886
Anise oil from seeds, UE ASE 0.9957 1.5494
Anise oil from seeds, China AC1 0.9830 1.5539
Anise oil from seeds, China AC2 0.9819 1.5529
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were identified: α-pinene, estragole and limonene. 
However, significant differences were determined among fennel oil samples in respect to the 
identified compounds. 
The scientific literature findings mention that a higher amount of anethole can be found in anise 
oil: 80-90% than in fennel oil: 50-60% (Damayanti 
and Setyawan, 2012). Arslan et al. (2004) found in 
29 anise seed essential oils samples, that trans-
anethole ranged from 78.63% to 95.21%. Our results showed that anise oils had high anethole 
content (above 80%) with the highest value for 
samples AC1 and AC2. Also, the content of anethole 
in some fennel oils was higher, more than 80% depending on the variety and origin. The lowest 
anethole content (around 30%) was obtained for 
sample FSR1 (from Romania).Correlations between the major compounds 
identified in the anise and fennel oils analysed by 1H-NMR and GC techniques are presented in Table 6.
In fennel oils, a highly positive correlation was found between estragole content determined by 1H-NMR and GC; a similar finding was noted 
for limonene and anethole content. In addition, a correlation between 1H-NMR and GC for pinene 
content was observed (r = 0.74). Also, a positive correlation was noted for anethole content from 
anise oil analysed by both techniques.  
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Figure	1. Example of chromatograms for fennel oils from herbs and seeds compared to the standard fennel oil
Table	4. Composition of anise oils by GC-MS analysis
Compounds RT, min ASR, % ASE, % AC1, % AC2, % MW, g/mol Molecular formula
1 R-α-Pinene 15.06  - 0.09 0.04 0.03 136 C10H16
α-Limonene 18.25  - 0.21 0.03 0.03 136 C10H16
β-cis-Ocimene 20.38  - 0.25 0.06 0.05 136 C10H16Estragole/tarragon 23.53 1.73 1.12 0.49 0.44 148 C10H12Op-Anisaldehyde 25.20 9.62 3.37 -  - 136 C8H8O2Anethole 26.05 80.02 87.44 99.18 99.24 148 C10H12
Anisketone 28.59 2.65 6.75 0.01 0.04 164 C10H12O2
β- trans-Caryophyllene 29.99 - - 0.03 0.03 -  C15H24
α-Bergamotene 30.1 - - 0.03 0.03 -  C15H24 p-Anisic acid-4-nitrophenylester 30.47 0.15 - - - 273 C4H11NO5
(+)-Cuparene 31.25 0.21 - - - 202 C15H22Isoeugenol methylether 31.33 0.20 - - - 178 C11H14O2Aristolene 31.49 2.89 - - - 204 C15H24
Benzaldehyde, 2-ethyl 35.86  0.78 0.12 0.11 134 C9H10Otrans-Isoeugenol 39.18 2.53 - - - 164 C10H12O2  100 100 99.99 100   
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Table	5.	Major compounds of fennel and anise oils analysed by 1H-NMR
Essential oils Fennel oils Anise oilsFSR1 FHR FSI FSU FSR2 ASR ASE AC1 AC2
Anethole, % 30.1 46.1 85.4 89.3 46.3 76.4 97.1 97.3 91.4
α-Pinene,	% - 4.7 - 7.1 10.5 - - - -
Estragole, % 54.5 - - - 8.5 - - - -
Limonene, % 11.8 1.7 12.2 - - - - - -
Figure	2. Example of chromatogram and spectrum for anise oil sample
Figure	3. Example of NMR spectra for fennel and anise oils
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GC and 1H-NMR techniques are generally used to establish the structure of the chemical 
compounds of the essential oils (Marriott et al., 
2001; Sutour et al., 2011; Do et al., 2015). NMR 
technique has some advantages over GC method: 
it is fast with a short analysis time (2 min); it uses small amounts of sample and a direct procedure without prior sample preparation; it is non-destructive and the sample can be recovered 
unmodified after the analysis. Electronic noses found a very good applica-
bility in food control, food safety and food shelf-life investigations in different storage conditions 
(temperature, humidity, lighting, packages) 
(Peris and Escuder-Gilabert, 2009). The release of anethole from encapsulated anise essential oil 
was investigated using electronic nose (Zhang et 
al., 2018). In this study, electronic nose was used to detect the differences in volatile composition among essential oils samples. Based on PCA 
(Principal Component Analysis), discrimination index was calculated and higher is the 
discrimination index, better is the discrimination. 
Figure 4 and Figure 5 show the PCA plot which represents a map of discrimination of overall volatile composition of fennel and anise essential 
oils, respectively. For fennel oil samples, the PCA 
provided good separation with 98.88% of the 
variation accounted for PC1 and 0.75% for PC2. 
PC1 (the first component) describes the largest part of variation and represents a clear separation of the fennel samples. The discrimination index 
was 97 (from maximum 100) which explains a very 
different odor of samples. FHR sample obtained from fennel herb is located in the left part of PCA 
diagram, separated by the other samples obtained from seeds.A good separation of anise essential oils 
samples was observed in the PCA plot (Figure 5) and the contribution rates of PC1 and PC2 were 
91.37 and 7.93%, respectively. A discrimination index of 95 was obtained for anise essential oils which demonstrate that the samples are different from volatile composition point of view. The distinct volatile composition of both types of essential oil samples can be explained by the difference in their 
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Table	 6. Correlation studies between 1H-NMR and GC results for the major compounds from fennel and anise essential oilsType of essential oil Compound Correlation factorAnise Anethole r = 0.6986Fennel Anethole r = 0.8567Fennel Pinene r = 0.7450Fennel Estragole r = 0.9995Fennel Limonene r = 0.9205
Figure	4.	PCA plot for fennel essential oils 
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composition which is influenced by variety and geographic origin of the raw materials from which the oils were obtained.
ConclusionsThe complete analyses of fennel essential 
oils and aniseed essential oils based on GC and 1H-NMR analyses demonstrates that these oils are both a very good source of anethole which can have many food applications. Positive correlation was found between anethole content determined by 1H-NMR and GC, which demonstrates that 1H-NMR spectroscopy is a reliable method for determination of principal compounds in essential oils.Electronic nose is a very good and rapid method for differentiation of the essential oils without prior sample processing. Anise oil and fennel oil are a very good source for isolation of anethole which can be used as a 
flavouring substance in foods with bot a strong 
flavour and a good antimicrobial activity.
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